ABSTRACT This study was undertaken to determine the relation between radiographic and histological manifestations of pulmonary asbestosis (interstitial fibrosis) in insulation workers who had died of lung cancer. Of 450 confirmed deaths from lung cancer a chest radiograph suitable for determining evidence of pneumoconiosis was obtained in 219. Of these cases, 138 also had a tissue specimen submitted that was suitable for histological study to determine the extent of histological fibrosis. There was a significant albeit limited correlation between the radiographic and histological findings (r = 0 27, p < 0-0013). All 138 cases had histological evidence of parenchymal fibrosis; in 25 (18%), however, there was no radiographic evidence of parenchymal fibrosis. In 10 cases (7%) both parenchymal and pleural disease were undetectable on the radiograph. Thus a negative chest radiograph does not exclude the presence of interstitial fibrosis (asbestosis) in a substantial proportion of insulation workers previously exposed to asbestos who develop lung cancer.
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Cancer of the lung is a leading cause of death in workers exposed to asbestos.' -5 For example, it has been found to account for as much as one fifth (21 %) of deaths in a large prospective mortality study of asbestos insulation workers. 6 In individuals with lung cancer there are many different ways to assess retrospectively whether or not they have had significant exposure to asbestos. In the clinical setting exposure is often inferred from the presence of non-malignant effects of asbestos exposure: pleural fibrosis and interstitial pulmonary fibrosis.
Histopathologically, asbestosis includes diffuse interstitial pulmonary fibrosis developing as a consequence of inhaling asbestos fibres; it is usually associated with the presence of asbestos bodies, although these may vary in number and ease of demonstration. 7 12 coded such that 0/-= 1, 0/0 = 2, 0/1 = 3, and so on up to 3/4 = 12. Pathological gradings of fibrosis from "none" to "severe" were similarly assigned successive integer values from 0 to 6.
The presence or absence of asbestos related pleural thickening, including diaphragmatic plaques, was the other major radiographic variable analysed. The width of tangential pleural thickening was also scored and treated as a separate variable.
Descriptive statistics were calculated for each variable. Because the variables were ratings, nonparametric correlational procedures were used. Spearman correlation coefficients were calculated for all pair combinations of variables using the SAS program.
Results
Of the 138 cases, 113 (82%) had radiologically detectable small irregular opacities (ILO profusion equal to or greater than 1/0). The mean degree of profusion was 5 8 (SD 2.3), corresponding to between 1/1 and 1/2 on the ILO scale (fig 1) .
In all 138 cases there were histopathological signs of diffuse interstitial fibrosis. The mean degree was 4-7 (SD 1-3), corresponding to between moderate and severe on the scale (fig 1) . One or more asbestos bodies were seen in 94% of cases (130/138).
Profusion-of radiologically detectable small irregular opacities was significantly correlated with the degree of microscopic fibrosis (r = 0-27, p < 0.0013) (fig 2 and table) .
Of the 138 cases, 94 (68%) had a radiologically detectable pleural abnormality (circumscribed or diffuse pleural fibrosis, calcification).
The presence/absence of any pleural abnormality on the chest radiograph was not significantly correlated with the profusion of irregular opacities (r = 0 09, p = 0-29) nor with the extent of microscopic fibrosis (r = 0 12, p = 0-16).
The width of tangential pleural thickening was significantly correlated with profusion of small irregular opacities (r = 0 33, p < 00075) but not with microscopic fibrosis (r = -0-09, p = 0 46). Duration from onset of asbestos work to death was significantly correlated with radiological profusion of small irregular opacities (r = 0-24, p < 0-006) but not°3 with ;the degree of microscopic fibrosis (r = 0-11, p = 0-22) (fig 3) . Duration from onset of asbestos work to death in the 25 radiographically negative cases (32-8 y) was not significantly less than that of the group as a whole (34-1y ± 8-4y). Discussion The first reports associating lung cancer with asbestosis appeared in 1935" 12 and many studies since then have convincingly shown an increased incidence of lung cancer in asbestos exposed workers.'`All common cell types occur more frequently. '3 14 In this large study of exposed asbestos insulation workers parenchymal fibrosis was present in all those with lung cancer whose pulmonary tissues were microscopically examined. It has been estimated that asbestos exposures in this group were generally in the range of 4-15 fibres per ml."s Because of the large size of this cohort (17 800, with 485 of the first 2275 deaths due to lung cancer6), it seems probable that a large majority (perhaps all) of the lung cancers developing in similarly exposed workers will occur in the presence of microscopic fibrosis. This is confirmed by the recent report that 90% of a cohort of British asbestos factory workers who died with lung cancer had histological evidence of asbestosis.5 Radiological data were not reported for this group.
In the insulation workers whom we are following up, an increasing radiographic profusion of small opacities was found with increasing duration from onset of exposure. Longer exposures presumably represent greater cumulative exposure to asbestos dust. No such correlation was found between duration from onset of exposure and the pathological grading. This may be explained by the high proportion ofcases with moderate or severe fibrosis (93%). Most of these cases had probably passed some relative threshold of exposure beyond which moderate fibrosis usually develops. Analysis of groups with shorter duration from onset of exposure (10 to 20 years) might well yield a higher correlation between the amount of fibrosis on histopathological study and the duration from onset as a measure of exposure.
It is well known that for interstitial pulmonary fibrosis to become radiologically detectable, a certain amount of fibrotic change has to have developed; the summation effect will then produce the irregular opacities visible on the posteroanterior chest x ray film, allowing the diagnosis of interstitial pulmonary fibrosis to be made. The same summation effect operates in the case of small rounded opacities, characteristic of silicosis or coal worker's pneumoconiosis. Unless a certain minimum number (and size) of nodules have developed, rounded opacities do not become recognisable on the radiograph. In occupational groups with lower asbestos exposure than that in factory and insulation work lung cancer without radiologically detectable parenchymal opacities may represent a larger proportion of cases than in such highly exposed groups. Continuing studies indicate an increased incidence of lung cancer (RR = 2) in family contacts of asbestos products manufacturing workers. 16 The analysis of the pathological data is incomplete at present; however, 17% of these household contacts had parenchymal abnormalities on chest radiography. '7 We are currently investigating the histopathological pulmonary changes in deaths other than those from lung cancer in the insulation worker cohort to see what proportion of workers have evidence of asbestosis, independent of whether or not they developed lung cancer. The question of whether or not asbestosis always precedes lung cancer in subjects exposed to asbestos is unresolved, and our present data do not permit conclusions regarding the aetiological relation between lung cancer and pulmonary asbestosis per se, as distinct from that of concurrence between lung cancer and exposure to asbestos.
Kipen, Lilis, Suzuki, Valciukas, Selikoff Conclusions We have found that in the presence of lung cancer occurring in asbestos insulation workers with occupational asbestos exposure asbestosis was invariably present when histopathological findings were used as the criterion for diagnosis. Discrepancies in the results of radiological and pathological examination for interstitial fibrosis were present in 18% of those heavily exposed insulators and may be even more frequent at lower levels of exposure. The inclusion of pleural thickening as an indicator of significant asbestos exposure may help to reduce, but will not eliminate, errors made on this basis. These findings indicate the primacy of the history of asbestos exposure, irrespective of the presence or absence of non-malignant x ray changes (asbestosis) when considering lung cancer possibly associated with occupational exposure to asbestos.
